Introduction
Prevention of lifestyle-related atherothrombotic diseases such as myocardial infarction and stroke is an important and urgent social task in many countries. Epidemiological studies have provided evidence for the causative role of inappropriate diets in the development and clinical outcome of thrombotic diseases [1] [2] [3] .
Mortality from cardiovascular diseases has been found to be significantly lower in the French population, who otherwise consume a high-fat diet, than in other countries where a similarly high-fat diet is consumed [4] . It was suggested that the French's habitual and large amount of red wine consumption was responsible for the lower cardiovascular mortality [5] . The so-called 'French paradox' stimulated experimental studies for finding antithrombotic fruits, vegetables, cereals and other foods.
A specific variety of grapes and grape juice (Welch's natural purple grape juice) showed particularly significant antithrombotic effect [6] . Juice made from a specified raw onion also showed antithrombotic activity [7] . In contrast to Welch's grape juice, orange juice purchased from the market and grapefruit juice prepared without special attention to the variety had no significant anti-thrombotic effect [8] . We have screened vegetables and fruits for antithrombotic activity by paying special attention to their varieties and demonstrated that antithrombotic activity differs from variety to variety in tomato, onion, strawberry, mulberry, carrot and potato [9] [10] [11] [12] [13] [14] [15] .
The aim of the present study was to screen rice varieties for antithrombotic activity after long-term intake of flour prepared from the tested rice varieties.
Materials and Methods
Rice Non-glutinous rice varieties (HYJA-Ri1, HYJA-Ri2, HYJARi3, HYJA-Ri4 and HYJA-Ri5) were planted in May or June and harvested in the paddy in the Kande-cho area, Kobe, Japan, in October 2004. Whole-grain white rice was stored at 4 ° C until use and ground just before the experiments. Animals Double-homozygous apolipoprotein E-and low-density lipoprotein receptor-deficient mice (DK mice, 129 ! C57BL/6J background) were obtained from the Jackson Laboratory (Bar Harbor, Maine, USA) and bred in the Animal Units of the Kobe Gakuin University. Mice were kept in air-conditioned rooms (22.5 8 0.5 ° C and 50 8 5% humidity) with 12-hour light-dark cycles. Animals had free access to diet and were fasted overnight before the test. Drinking water was available ad libitum. Animals were kept in compliance with previously established guidelines published by the Physiological Society of Japan [16] and the experiments were approved by the Animal Experiment Committee of the Kobe Gakuin University.
Diets
Diets were prepared from the different varieties of wholegrain rice flour and purified materials on the basis of the Western-style high-fat diet model as described previously [17] . Wholegrain flour was used as a carbohydrate source and the contents of protein, oil and dietary fiber in the diets were adjusted using the Standard Tables of Food Composition in Japan [18] . Diets were stored in a freezer at -30 ° C until use. The DK mice were conditioned with a commercial solid diet (CE-2; Clea Japan, Tokyo, Japan) and kept on the test diets ( table 1 ) from the age of 6 weeks for 3 months.
Laser-Induced Mouse Carotid-Artery Thrombosis Model
The He-Ne laser-induced thrombosis method has already been des cribed in detail [17, 19] . Briefly, a polyethylene tube was inserted into the left femoral artery of Nembutal-anesthetized mice, and the carotid artery on one side was exposed. The mouse was placed on a special microscope stage. Evans blue dye (30 mg/ kg) was injected intra-arterially, and the center of the exposed carotid artery was irradiated with a laser beam. Thrombus formation at the site of irradiation was monitored under epi-illumination and simultaneously recorded on videotape using a CCD camera. The coefficient of variation of this test was 17-28% [17] .
Calculation of Thrombus Size
A computer image of the forming thrombus was taken every 10 s. The thrombus mass was delineated on the screen and the size was determined. Image analysis was performed using Image J software (Image Processing and Analysis Java version 1.30; National Institutes of Health, Bethesda, Md., USA). As an occlusive thrombus cannot form in a big artery with high flow, the size of the thrombus increased and decreased periodically reflecting embolization. The thrombotic status was defined by the total sum of thrombus sizes obtained every 10 s for 10 min from the start of irradiation. An increase or decrease in the total sum indicated increased or decreased thrombotic status, respectively.
Statistical Analysis
Results were analyzed by ANOVA, followed by Dunnett's post hoc test using the commercially available Unistat Statistical Package (version 5.5.09 Light; Unistat, London, UK). Values were expressed as means 8 SEM. p ! 0.05 was considered the limit of significance.
Results

Body Weight and Dietary Intake
Changes in body weight over the period of feeding are shown in figure 1 . Dietary intake was similar in all groups. Body weights in the rice diet groups were slightly higher than those of the controls, but the difference was only significant in mice on the HYJA-Ri3 diet. 
Effects of Rice Diets on Thrombotic Risk
Results are shown in figure 2 . Compared to the control diet, feeding mice with HYJA-Ri1, HYJA-Ri2 and HYJARi5 rice did not significantly change the thrombotic response to laser irradiation. Diet containing HYJA-Ri3 slightly but not significantly enhanced the thrombotic reaction while in mice on HYJA-Ri4 the thrombotic reaction was significantly (p = 0.0078) enhanced.
Discussion
In this study, we employed the He-Ne laser-induced thrombosis animal model, which is a close approximation of the pathological process of arterial thrombosis in humans. This test is based on the principle that irradiation of an artery with laser selectively damages the endothelium and results in the formation of platelet-rich thrombi [17, 19] .
Rodents are known to be resistant to experimental atherothrombosis. C57BL/6J mice are comparatively sensitive to diet, and a high-fat diet can induce fatty streak lesions but not atherothrombosis [20] . The pathogenesis of atherosclerotic lesions in the arteries of apolipoprotein E-deficient mice resembles that of humans, and especially homozygous animals are more sensitive to diets than the heterozygous or wild-type C57BL/6 mice [21] . Earlier, we found that apolipoprotein E and low-density lipoprotein receptor double-deficient mice are sensitive to diets and therefore a suitable model for assessing the thrombotic risk. Laser irradiation of the artery of such animals resulted in an intensive, measurable thrombotic reaction [17, 22] .
The current experiments using diet-sensitive mice showed that the thrombotic reaction in mice fed with HYJA-Ri1; HYJA-Ri2 and HYJA-Ri5 rice did not differ significantly from that observed in mice on the control diet. In animals kept on a diet containing HYJA-Ri3, the thrombotic reaction was slightly, but not significantly intensified. In mice kept on a diet containing HYJA-Ri4, the laser-induced thrombotic reaction was significantly enhanced. Accordingly, this rice variety was considered prothrombotic.
There are epidemiological findings that whole-grain intake is associated with a reduced risk of atherothrombotic disease [23] [24] [25] . Whole-grain intake is also recommended for the prevention of metabolic syndromes [26] . Animal experiments have suggested that the anti-atherogenic effect may be due to antioxidants in the outer layer of colored rice [27, 28] . Rice proteins rich in arginine and poor in methionine might also be involved in the antiatherogenic effect [29] .
The current control high-fat diet contains nutritionally minimal requirements. The nature of chemical(s) responsible for the prothrombotic properties of the RYJARi4 variety is unclear and requires further investigation. Rice diet enhanced growth compared with the controls. This tendency to increased growth (statistically not significant) went hand in hand with the enhanced thrombogenicity. Fast growth or fast accumulation of fat might contribute to the prothrombotic property.
In conclusion, out of the five tested rice varieties, none showed an antithrombotic effect. The effect of four varieties on the thrombotic reaction did not differ significantly from the controls while one variety (HYJA-Ri4) significantly intensified the thrombotic reaction and was considered having a prothrombotic effect.
